From the caeca of 252 horses, 503 sheep, 250 goats and 250 swine, 486 yeast isolates belonging to 28 species and 1 variety were obtained. The distribution of the yeasts of any species and for Candida albicans respectively was : horses, 524 %, 4 4 % ; sheep, 6.8 %, 4.2 yo; goats, 6 4 %, 0.8 %; swine, 88.8 %, 9.2 %. The suitability of the sheep and goats as hosts for yeasts of any species seems very limited. The most frequent occurrences for single species were: Candida sloofii in swine (48.4 %), Trichosporon cutaneum in horses (21.8 %) and Saccharomyces tellustm's (Candida bovina) in swine (14 yo).
In an earlier report ( van Uden & Carmo Sousa, 1957a) various aspects of the ecology of yeasts associated with warm-blooded animals were discussed and the results of a survey of yeasts from cattle intestines presented; now the results of a similar study of the intestinal yeast flora of horses, sheep, goats and swine are given. METHODS Two hundred and fifty-two adult horses (including an unrecorded number of mules), 503 adult sheep, 250 adult goats and 250 swine were sampled in the abattoir of Lisbon.
Yeasts were isolated from the caecal contents as described earlier (van Uden & Canno Sousa, 1957~). However, the solid medium used for plating out was adjusted to pH 4.5 and not to pH 3-5, as it was observed that some isolates grow badly or not at all at the latter pH value. As happened in our cattle series filamentous fungi grew in most primary culture tubes, making difficult the yeast isolations. An account of filamentous fungi, isolated from cattle and horses, has been given elsewhere (van Uden & Carmo Sousa, 1957b) .
The isolated yeasts were classified by the same methods as before ( van Uden & Carmo Sousa, 1957a) . However, whereas the morphological and fermentative properties of all isolates were studied, it was not found necessary for the classification of many isolates to perform assimilation tests with compounds other than D-glUCOSe, D-galactose, sucrose, maltose and lactose. Certain
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isolates were studied in more detail and sometimes compared with type strains (obtained from the Centraalbureau voor Schimmelcultures (CBS), Delft, or from the authors of the species) and other strains. This more detailed study included assimilation tests with a number of compounds indicated earlier (van , sometimes fermentation tests with trehalose, and the determination of temperature relations and vitamin requirements.
Temperature relations. The yeast under study was grown for 24 hr. at 37" in the liquid medium referred to above. A loopful of the suspended growth was then placed in a tube with 5 ml. of the same medium and placed in a temperature-controlled water bath. The degree of growth was noted daily for 5 days. If after this time no growth had occurred the isolate was considered unable to grow at the temperature under study. In this way the maximum and the minimum temperatures were determined; no attempt was made to determine the optimum temperature.
Vitamin reqairements. A vitamin-free defined basal medium (Wickerham, 1951) was enriched with various mixtures of vitamins and placed in 5ml. amounts in test tubes. A complete set of test media was composed of 11 tubes. One tube contained the vitamin-free basal medium only; a second tube contained the basal medium + the following vitamins (calculated/1000 ml.) : biotin, 2 pg.; calcium pantothenate, 400 pg.; folic acid, 2 pg.; inositol, 2000 pg. ; nicotinic acid, 400 pg. ; p-aminobenzoic acid, 200 pg. ; pyridoxine hydrochloride, 400 pg. ; riboflavin, 200 pg. ; thiamine hydrochloride, 400 pg. ; the nine other tubes contained basal medium+eight of the nine vitamins, one being omitted from each tube.
A loopful of growth from a slope grown for 24 hr. at 37" was suspended in a tube with the vitamin-free basal medium. To exhaust the vitamin reserves of the organisms as far as possible, this tube was incubated for 24 hr. at 3 7 ' ; then a drop of its content was inoculated into each tube of the complete set of vitamin test media. Incubation was at 37" and growth was noted daily for three weeks.
Temperature is important in vitamin-deficiency tests. As well known from Neurospora genetics, a strain may be deficient for a given vitamin only within a given temperature range. The same may be true for yeasts. Kreger-van Rij (1958) actually found that strains of Candida sloofli required pantothenate at 37' but not at 30".
RESULTS
Four hundred and eighty-six isolates belonging to 28 species and one variety were obtained (Table 1 ). Multiple isolates from any one animal which were found to belong to the same species were counted as a single isolate. In the following account those strains which fitted species descriptions as given by Lodder & Kreger-van Rij (1952) will only be mentioned. Isolates identified with species described after the appearance of Lodder & Kreger-van Rij 's monograph and/or submitted to a more extensive study will be considered in more detail. 
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Saccharomyces Six isolates were identified with Saccharomyces carlsbergensis Hansen, 34 with S . cerevisiae Hansen, 1 with S . fragilis Jorgensen, 2 with S . italicus Castelli, 1 as S. microellipsodes Osterwalder. One isolate from horse was identical with S. italicus var. melibiosi. This variety was described by van Uden & Assis-Lopes (1957) who isolated it repeatedly from human faeces. S. italicus var. melibiosi shows a fermentative behaviour unique among naturally occurring yeasts : melibiose and the galactose part of raffinose are fermented, whereas sucrose and the sucrose part of raffinose are not. This is due to the circumstance that S . italicus var. melibiosi forms a-galactosidase (melibiase) but apparently not P-h-fructosidase (invertase). Dr N. J. W. Kreger-van Rij (personal communication) found, however, that some strains of S . italicus var. melibiosi, including the strain from horse, are capable of sucrose fermentation under certain not yet clearly defined conditions. Winge & Roberts (1957) and Losada (1957) obtained hybrids with a fermentative behaviour similar to that of S. italicus var. melibiosi. Some of their hybrids, while lacking genes for the formation of 8-h-fructosidase, are nevertheless capable of sucrose fermentation through the action of an a-glucosidase (maltase). The formation of the latter enzyme depends on the presence of any out of certain (but not all) polymeric genes responsible for maltose hydrolysis. In several of the S . italicus var. naelibiosilike hybrids sucrose fermentation was observed only when the strains had previously been grown in Pilsner wort (which contains maltose), whereas after growth in glucose +yeast water the same strains did not produce gas in sucrose broth. These results suggest the possibility that the formation of the a-glucosidase in question is more easily induced by its substrate maltose than by its substrate sucrose. The facts so far observed do not even exclude the possibility that sucrose, though being a suitable substrate for this enzyme, might have no inducing capacity a t all.
Van der Walt (1957) recently described Saccharornyces tellustris for an isolate from South African soil. Kreger-van Rij (1958) found this species to be the perfect form of Candida bovina, described by ourselves (1957a) for an isolate from a bovine caecum. So far neither Kreger-van Rij (1958) nor the present authors have observed spores in the type strain of C . bovina. Thirty-eight yeasts with the same morphological and physiological properties as C. bovinu were isolated during the present survey. In all but four of the isolates spores were found ; these isolates were therefore identified with Saccharomyces tellustris van der Walt. Some of the properties of S. tellustris, C. bovina and related species can be seen from Table 2 . For further information see under Torulopsis pintolopesii, C. bovina and C . sloofli.
Other perfect genera
Of each of the following species one or more isolates (number in parentheses) were obtained: Debaryomyces kloeckeri Guilliermond & Peju (l), Pichia farinosa (Lindner) Hansen (2), P . ferrnentans Lodder (I), P . membranaefaciens 
Cryptococcus
One isolate from horse was identified with Cryptococcus woformans. To test its pathogenicity, about six million cells were injected intravenously into each of two adult white mice. The animals died after 14 and 24 days respectively. Cultures from liver, kidney, spleen, lung and brain were positive; on histopathological examination numerous lesions with encapsulated yeast cells were found in these organs. A detailed account of these findings will be given elsewhere ( van Uden, Braqo Forte & Carmo Sousa, 1958) . The isolate from horse was studied, together with the type strain and 22 isolates of C. neofmmans received from other laboratories, with regard to carbohydrate assimilation, vitamin requirements and maximum temperature for growth. The following results were obtained. (i) All strains utilized : D-glucose, D-galactose, sucrose, maltose, D-xylose, D-mannitol, D-sorbitol, inositol ; most strains utilized : raffinose, L-arabinose, ethanol, soluble starch; glycerol, inulin weakly or not a t all. Lactose and potassium nitrate are not assimilated. (ii) All strains require thiamine but grow well in the absence of other vitamins. (iii) Most isolates had their maximum temperature between 39" and 4 0 ' ; a few isolates still showed some growth at 40'. It would seem from these results that ability for growth up to 39" and a requirement for thiamine are characteristics which hold for all strains of C. neoformans and may be helpful in the identification of this pathogen. Torulopsis
Thirteen isolates were found identical with Torulopsis glabrata (Anderson) Lodder & de Vries. One isolate was identified with the thermophilic species T. pintoEopesii van Uden. T. pintolopesii has the same fermentation and assimilation pattern as Candida bovina (Saccharornyces tellustris), C. sloofli and N . van Uden and others (excepting trehalose fermentation) T . glabata and it is felt that these four species should be placed in the same genus, This, however, cannot be done without upsetting the generic framework of the system of classification of the imperfect yeasts as devised by Lodder & Kreger-van R i j (1952). As this system is highly workable and now in general use, we think it advisable that generic modifications be postponed until information has accumulated permitting the reclassification on natural lines of the imperfect yeasts as a whole. Attention is called to the serological work of Jonsen (1955) with several Cartdida species which shows the existence of three clearly distinct serological groups within the genus Candida, represented by C. albicans, C. krwei and C. psezldotropicalis, respectively. Extensive studies of this kind may be needed before a natural classification of the imperfect yeasts can be seriously attempted. Meanwhile, we had better leave Torulopsis gZabrata and T . pinto-Zopesii and their relatives C. bovina and C . sloofli in the genera in which they had to be placed following Lodder & Kreger-van Rij's criteria. For practical purposes we have called these four species the glabrata group (van Uden & Carmo Sousa, 1957~); some of their properties can be seen from Table 2 , which shows that ToruEopsis pintolapesii can be differentiated from T. glabata by its bigger cells, its temperature relations, its vitamin requirements and its inability to ferment trehalose. One isolate was identified with T. famata Lodder & Kreger-van Rij, Thirty-eight isolates were found similar to C. bovina van Uden & Carmo Sousa; as indicated above, all but 4 of these isolates formed spores and were therefore classified as Saccharomyces tellustris. C. bovina is rather similar to Tordopsis pintolopesii ( Table 2 ) . The slight difference in cell size is not helpful for differentiation in practice. Neither are the differences in vitamin deficiency pattern. Clear differences are the ability of C. bovina to form a primitive pseudomycelium in corn meal agar a t 3 7 ' and to grow below 24O. We have not yet determined the minimum temperature of C. bovinu, but all strains so far studied grow slowly at 20". Were it not for the generic separation of C. bovina from Tordopsis pintolopesii, which for reasons pointed out above will have to be maintained provisionally, we would classify C . bovina as a variety of 2 ' . pintolopesii rather than a separate species. Should the perfect form of T . pintolopesii be found it should be considered in our opinion as a variety of Saccharomgces tellustris. Kreger-van Rij (1958) recently found spores in a strain of 2 ' . pintolopesii, but did not define its taxonomical position.
Six isolates from horse could not be identified with any known species. They were described as Candida sloofli in a separate paper (van Uden & Carmo Sousa, 1957c); 127 isolates from swine were found identical with this species.
On: Sun, 30 Dec 2018 21:44:36 1n;testiaal yeasts 441 C. sZoo$ii clearly belongs to the glabrata group (Table 2) . It can easily be separated from Torulopsis pintolopesii and C. bovina by its bigger cells, the formation of abundant and well-differentiated pseudomycelium and its high minimum temperature.
Trichosporon Fifty-six strains were identified with Trichosporon cutaneum (De Beurman, Gougerot & Vaucher) Ota as described by Lodder & Kreger-van Rij. Twelve strains were taken a t random and studied in more detail ( Table 3 ). The five strains of 2' . cutaneum isolated from our cattle series ( van Uden & Carmo Sousa, 1957a) had fallen into two distinct groups, one assimilating D-mannitol, D-sorbitol and inositol but not soluble starch, the other assimilating the latter compound but not the former ones. It was suspected, therefore, that T . cutaneum as defined by Lodder & Kreger-van Rij might comprise more than one taxonomic entity. The results from the 12 isolates from horse, however, did not substantiate this suspicion, as no clear-cut assimilative groups appeared with regard to the above-mentioned compounds. Table 3 
. Assimilation reactions and vitamin requirements of 12 isolates of
Trichosporon cutaneum taken at random from a group of 55
All 12 isolates assimiiated : D-glucose, D-galactose, sucrose, maltose, lactose, L-arabinose, D-xylose and ethanol. Raffinose and i n & were not assimiiated by any of the 12 isolates.
None of these 12 isolates require any of the following vitamins as nutrients: pantothenate, folic acid, inositol, nicotinic acid, p-aminobenzoic acid, pyridoxine or riboflavin.
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extremely high percentage of yeast-harbouring individuals in the group of swine (88.8 %) was due to the high prevalence of the obligate saprophyte Candida sloofli; if this organism is not considered, the faecal yeast incidence in the swine studied becomes 40-4%, which is of the same order as the figures found in the other animal groups indicated above. On the contrary, the distribution found in sheep (6.8 yo) and goats (6.4 yo) were very low; this suggests that neither sheep nor goats are important natural hosts for yeasts. Yeasts which can be isolated from the intestinal tract of warm-blooded animals fall into three different ecological groups (van Uden & Carmo Sousa, 1957 a ) : ( a ) obligate saprophytes of warm-blooded animals ; ( b ) facultative saprophytes of warm-blooded animals; ( c ) passers-by. (A similar division was earlier given by di Menna, 1954.) Within the group of obligate saprophytes of warm-blooded animals, i.e. yeasts which have their natural habitat in the digestive tract, Candida albicans has a special place. This is because it may grow abundantly under certain conditions of the host (for example in man: diabetes, debilitating disease, pregnancy, treatment with broad spectrum antibiotics, etc.) and cause disease (' moniliasis '). Certain yeasts nearly related to C. albicans ( C . tropicalis, C . stellatoidea) show a similar behaviour but to a much smaller degree. Moniliasis caused by C. albicans apparently occurs with appreciable incidence only in those warm-blooded animals which constitute suitable hosts for this yeast as a saprophyte. One may suspect that there are various degrees of suitability for constituting a host for C. albicans, not only from species to species but also from individual to individual within the same species. And one may postulate that the higher the suitability of a given species to be a host for C. albicans, the more individuals of this species will actually harbour C . albicans and the higher will be the incidence of moniliasis. Further, the higher the suitability of a given individual to harbour C . atbicans as a saprophyte, the more easily will he develop moniliasis. Some evidence supporting these views is constituted by the following observations. Moniliasis is a relatively frequent disease of man and fowls, two host species with the highest saprophytic incidence of C. albicans so far recorded. Meleiro de Sousa & van Uden (unpublished results) found C. albicans in the faeces of about 25 yo of unselected women; in women suffering from vaginal moniliasis the faecal incidence of C . albicans was about 75%. Van Uden & Carmo Sousa (1957~) did not find C . albicans in the caecal contents of 252 cattle, animals in which albicansmoniliasis seems to be extremely rare. We isolated C. albicans from 4.4% of 252 horses, 4.2% of 503 sheep, 0 4 % of 250 goats and 9.2% of 250 swine.
These frequencies are much lower than those found in man (81 yo) by di Menna (1954) and fowls (21 yo) by Jordan (1953) . On the other hand, Wickerham (1957) reported the apparent increase of human infections by T . glabrata. The incidence of T . glabrata in the present series is of the same low order as found in man by di Menna (1954) and in cattle by .
Tom~lop~is pintolopesii was originally isolated from mice (van Uden, 1952) . Since then we have received a number of isolates similar to 2' . pintolopesii from other workers who isolated them from various sources: turkeys (Ainsworth & Austwick, 1955) 43 of the brown rat (Rattw norvegicus) and 2 of the meadow vole (Microtus sp.). It would seem from all this that the natural habitat of T . pintolopesii and C . bovina (Saccharomyces tellustris) is in the intestinal tract of small rodents (mice, rats) and possibly certain birds (turkeys, pigeons). None of these species seems well equipped (no growth or poor growth below 24O, nutritional fastidiousness) for growth outside the intestinal tract. However, Dr Emmons feels sure (personal communication) that he has isolated T . pintolopesii or a nearly related yeast repeatedly from soil by passage through the peritoneal cavity of white mice. This suggests that vegetative cells of either species may survive for some time outside the animal body. The finding that many isolates (Saccharomyces tellustris) of Candida bovina sporulate implies that this species may persist in soil as resting spores. The isolation of only one strain of C. bovina, two strains of Saccharomyces telhutris and one of Torulopsis pintolopesii from 252 horses suggests that the equine intestinal tract is not a suitable habitat for these yeasts ; they probably occurred as passers-by and came from food contaminated by mice or rats. Neither does an incidence of 2.5 % found for C. slooflt' point to horses as principal hosts for this thermophilic and fastidious species. However, the incidence of 48-4 % for C. sloofii found in swine constitutes strong evidence that swine are the natural host for C. sloo_ffii; quantitative studies on the swine C. sloofii relationship are in progress. Saccharomyces tellustTis (C. bovina) was refound in swine with the rather high incidence of 14%, which points to swine as another natural host for this yeast.
The group of facultative saprophytes of warm-blooded animals, i.e. yeasts which grow naturally both inside and outside the digestive tract, is represented in these series by Candida tropicalis, C. krusei and C. pa#rapsilosis. Trichosporon cutaneum belongs to the same group and was found in horses with the surprisingly high incidence of 21.8%. Actually this species was the one most frequently isolated from horses. Not much is known about the ecology of T . cutaneum. Of 18 isolates of known origin studied by Lodder & Kreger-van Rij (1952) 9 were of human origin and the other 9 had come from various non-animal substrata (wood-pulp, orange peel, sewage). We isolated this species on some occasions from faeces of man, rabbit and mouse and found N . vafi Uden afid others a low incidence of this species in cattle (van Uden & Carmo Sousa, 1957~). T . cutaneum has been described under many different names, 54 of which are listed as synonyms by Lodder & Kreger-van Rij (1952) . Several of those synonyms have been used to name isolates from human diseases, specially of the skin and hair (references in Conant, Smith, Baker, Callaway & Martin 1954; Reiersol, 1955) . Further study is necessary for an evaluation of the significance of the high incidence of T . cutaneum in the intestinal tract of the horse.
Of the isolates which probably belong to the group of passers-by (Saccharomyces cerevisiae, S . carlsbergensis etc. ) Cryptococcus neoformans deserves special attention, This species, which causes often fatal diseases of man and warm-blooded animals (see Littman & Zimmerman, 1956) has its natural habitat outside the animal body (soil, pigeon nests) as was shown by Emmons (1951, 1955) and Ajello (1956) . Our isolate seems to be the first one to be reported from the intestinal contents of a healthy warm-blooded animal. It suggests the possibility that sometimes horses or other animals may be vectors of C. moformam, aiding in the dispersal of this pathogen.
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